A recent paper (Pereira, et al., 1966) No comparable cell type was found in the uninoculated control cultures. The foreign cells were smaller than HeLa and human-embryo-kidney cells; they possessed a small round nucleus with a relatively large central nucleolus and a peripheral concentration of chromatin. The mitochondria were small, rounded, and filled with interlacing tubular cristae ; they resembled the mitochondria of certain protozoal species (Vickerman, 1962 ; Tokuyasu and Scherbaum, 1965) 
A recent paper (Pereira, et al., 1966) reported the isolation in Britain of several strains of an antibiotic-resistant infective agent that caused unusual cytopathic effects when inoculated into cell cultures. The new agent was evidently recoverable from the respiratory tract in certain patients, mostly young children, with illnesses of varying severity but with fever and respiratory symptoms as common features. Primary isolations were made in HeLa or monkey-kidney-cell cultures, and the agent was successfully subcultured in a wide range of cell types. Nuclear changes with eosinophilic inclusions developed within 24 hours in inoculated cultures, followed in two to three days by disintegration of the cell sheet. The effect was suppressed by 5-fluoro-deoxyuridine ; however, it was not possible to separate infectivity from cell debris. It was concluded that the responsible agent was a virus, firmly cell-associated and perhaps related to the varicella-cytomegalovirus subgroup of the herpes viruses. It was provisionally called Ryan virus. For further characterization of the agent, cell cultures and a number of normal and inoculated organ cultures of human embryo trachea were passed to the Laboratory of Cytopathology, National Institute for Medical Research, for electron microscopy and cytological study. This has revealed the presence of a protozoal cell-type in all specimens inoculated with the Ryan agent; the findings, as detailed below, suggest that the cytopathic changes previously reported are attributable to an amoeba of the genus Hartniannella.
Methods
Cell Cultures.-Monolayer cultures were prepared in small tubes with HeLa cells and with primary freshly trypsinized human-embryo-kidney cells. Fragments of human embryo trachea were cultured in small plastic dishes, as described by Hoorn and Tyrrell (1965) . To all cultures 100 units of penicillin and 100 /Lg. of streptomycin/ml. were added.
Inocula. 
Results
Electron microscopy revealed large areas in the inoculated HeLa and human-embryo-kidney cultures showing obvious changes of a degenerative nature at the fine structural level, corresponding to confluent areas of cytopathic effect, as previously described (Pereira et al., 1966) No comparable cell type was found in the uninoculated control cultures. The foreign cells were smaller than HeLa and human-embryo-kidney cells; they possessed a small round nucleus with a relatively large central nucleolus and a peripheral concentration of chromatin. The mitochondria were small, rounded, and filled with interlacing tubular cristae ; they resembled the mitochondria of certain protozoal species (Vickerman, 1962 ; Tokuyasu and Scherbaum, 1965) (Volkonsky, 1931; Adam, 1964) . Having an average diameter of about 14 ,u, the cells were mostly polygonal with one or more rounded pseudopodia and a number of smaller surface projections of a spiky nature ; elongated forms with a somewhat curved profile were also quite common. The cytoplasm was granular and vacuolated, and a small but welldefined nucleus was an invariable feature (Fig. 2) . It measured about 3 /% across and contained a heavily staining nucleolus of about 1.6 I. One or more amoebae were often closely related to individual HeLa or human-embryo-kidney cells: in some such cases the mammalian cells showed nuclear changes of the kind previously interpreted as suggestive of the viral infection-that is, altered nucleoli, eosinophilic inclusions, and clumped chromatin.
In monolayers examined two days after inoculation few HeLa or human embryo-kidney cells remained intact and the culture consisted mainly of amoebae interspersed with cell debris. Undoubtedly it is this stage that was represented in Fig. 1 of the original report on Ryan isolates (Pereira et al., 1966) . Final confirmation of the occurrence of amoebae in the inoculated cell cultures came from close microscopical inspection of living bottle cultures. Motile cells were detectable, moving slowly but continuously over the cell sheet. Each amoeba had a contractile vacuole, with a periodicity of about two minutes.
Histological sections of the tracheal organ cultures showed progressive destruction of the ciliated epithelial layer in the specimens inoculated with Ryan agents. Scattered amoebae were present in the connective-tissue planes under the epithelium, and around the cartilaginous plate. A small number of typical hartmannellid cysts (Volkonsky, 1931 ; Adam, 1964) were found along with trophozoites in the organ cultures. On the other hand, cysts could not be identified with certainty in the stained monolayer cultures.
Discussion
The regular finding of Hartmannella castellanii in cultures inoculated with Ryan agent, and its absence from corresponding controls, raises the obvious question whether Ryan agent can be identified as an amoeba. This possibility was not considered in the original account; in fact, however, it is wholly consistent with the properties described. Thus There is little information on the nature of cytopathic changes produced by amoebae in cell cultures. From the present experience with Hartmannella it seems that frank degeneration of HeLa or human-embryo-kidney cells may be preceded by development of eosinophilic nuclear inclusions, and by a reorganization of nucleolar fine structure similar to that caused by the antibiotics actinomycin-D and mitomycin-C (Reynolds et al., 1964 ; Lapis and Bernhard, 1965) , also by the carcinogen 4-nitroquinoline N-oxide (Reynolds et al., 1964) and by pyrrolizidine alkaloids (Svoboda and Soga, 1966) . These various substances evidently have in common the capacity to interfere with protein and nucleic acid synthesis.
Actinomycin-D additionally gives rise to nuclear inclusions. So far as we are aware there is no direct evidence at present for the production of antibiotics or cytotoxic factors by freeliving amoebae. Ray (1951) observed that hartmannellid soil amoebae caused agglutination of certain bacteria before ingesting them, but the mechanism was uncertain.
In the present study the additional finding of mycoplasmalike organisms was confined to the HeLa-cell cultures. Mycoplasmas are known to occur frequently as inapparent contaminants of HeLa-cell lines, and their presence in this instance was evidently unrelated to the cytopathic effect; it is probably only to be expected that scavenging amoebae would ingest mycoplasmas, together with fragments of mammalian cell debris.
The significance of the isolation of hartmannellid amoebae from clinical specimens has still to be determined. Their occurrence as apparently spontaneous contaminants of primary monkey-kidney-cell cultures was first reported several years ago (Jahnes et al., 1957) . A similar finding by Culbertson et al. (1958) led to a clear demonstration of the pathogenicity of Hartmannella (Acanthamoeba) species in mice and monkeys, with particular reference to inoculation by the nasal route (Culbertson et al., 1959; Culbertson, 1961) . In two further isolations of these protozoa in tissue cultures (Chi et al., 1959; Wang and Feldman, 1961 ) the cultures had been inoculated with material from pharyngeal swabs, mainly from children; the circumstances suggested that amoebae could have originated from the human nasopharynx, but this was thought to require further study.
Since the report on Ryan isolates (Pereira et al., 1966 ) additional strains have been recovered in three more laboratories in Britain, from a further six patients with respiratory illness.
In each of the earlier isolations the agent was recovered in only one out of three inoculated culture tubes; and although control cultures were consistently negative the possibility of airborne contamination, or inherently infected cultures, cannot be entirely ruled out. In one of the new cases, however, amoebae were recovered in all of three different inoculated cell types, and were absent from the rest of the same batch of tissue cultures. This strongly suggests that the amoebae in this case were derived from the human respiratory tract, and reinforces the supposition that earlier Ryan isolates had a similar origin.
In future it is hoped that earlier recognition of hartmannellid amoebae in inoculated cultures may lead to more definite information on this point by allowing for repeated isolations with the same specimen or patient, and for closer correlation with the clinical picture. Some indication of a pathogenic role for these amoebae in man is provided by an interesting report of Acanthamoeba sp. in brain sections from four fatal cases of pyogenic meningitis in South Australia (Fowler and Carter, 1965) . The organisms were found mainly in the region of the olfactory bulbs, suggesting the nose as a possible portal of entry. Three very similar cases have been encountered in the United States (Butt, 1966) , in two of which amoebae were recognized in the cerebrospinal fluid before death. For the present, however, the evidence for hartmannellid amoebae having an aetiological role in human disease, except perhaps rarely, is scant and very largely circumstantial.
" Ryan Virus "-Armstrong and Pereira
MMICAJmJOURNAL Summary
Evidence is presented that a cytopathic agent isolated from human nose, throat, and bronchial swabs, and termed " Ryan virus" is in fact an amoeba of the genus Hartmannella. Detection of a protozoal cell-type by electron microscopy led to the recognition of typical trophozoites and cysts of this freeliving soil amoeba in inoculated tissue cultures. Details are given of cytopathic effects due to the amoebae, involving primarily the nuclei in cell cultures.
It is probable that amoebae do occur in the nasopharynx in some patients with respiratory illness, and they should not necessarily be regarded as laboratory contaminants. Their clinical significance and pathogenicity for man are at present conjectural.
We are indebted to our colleague Dr. typhoid fever are few, and such as do exist stress its rarity (Batty Shaw, 1951; McFadzean and Choa, 1953) . Similarly, documentation of infection in general as a cause of haemolysis in glucose-6-phosphate-dehydrogenase Case 5 is especially instructive, as this patient had a second haemolytic episode owing to a relapse of the infection during hospitalization, and so this case is reported in detail.
CASE 5
The sister of Case 2, aged 8 years, was admitted because of a high temperature for 10 days accompanied by diarrhoea and some vomiting. Although she was known to be deficient in G-6-PD from estimation of the enzyme at the time of her brother's illness, she was given sulphadiazine for the first three days of her illness, and then chloramphenicol until admission to hospital. Pallor was noticed by her mother on the sixth day of the illness.
On admission her haemoglobin was 6.4 g./100 ml., leucocytes 7,900/c.mm., and reticulocytes 0.8°. Blood cultures for typhoid were negative, as was the Widal test. The peripheral blood picture was normochromic and normocytic, the direct Coombs test negative, and erythrocyte osmotic fragility normal. Total serum bilirubin was 1.2 mg./100 ml. and urinary urobilinogen increased. Chloramphenicol was withheld, prednisone started, and a blood transfusion given the day after admission. The high fever which had been present dropped within 24 hours, the child felt well, and the haemoglobin rose to 8.5 g. On the twentieth day of her illness she again became febrile and blood culture grew Sain. typhi 
